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E. C. Allen, Rockwell International 
ABSTRACT 
Tests of several tank nose shapes have been conducted as a part of 
the investigation of configuration changes to reduce drag for the inte- 
grated vehicle. 
the effect on the integrated vehicle aerodynamic characteristics of 
The primary objective of this test was to investigate 
several tank nose shapes. 
600 inch (baseline) and 1204 inch radius ogives, and the 600 inch ogive 
The tank nose shapes investigated were the 
plus a spike 360 inches long and 12.0 inches in diameter. Data were ob- 
tained over a Mach number range of 0.6 through 4 . 9 6  and for angles-of- 
attack and sideslip from -10 through +10 degrees. The model used for 
this test was the 0.004-scale integrated vehicle model number 34-OTS. 
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speed of sound; m/sec, f t / s ec  
pressure coefficient;  (9 - pco)/q 
Mach number; V/a 
pressure; N/m2, psf 
dynamic pressure; 1/2p$, N/m2, psf 
u n i t  Reynolds number; per m, per f t  
velocity; m/sec, f t / s ec  
angle of attack, degrees 
angle of s ides l ip ,  degrees 
angle of yaw, degrees 
angle of roll, degrees 
mass density; kg/m3, s lugs / f t3  
Reference & C. G. Definitions 
base area; m2, f t 2  
wing span or reference span; m, f t  
center of gravity 
reference length or wing mean 
aerodynamic chord; m, f t  
wing area or reference area; m2, f t 2  
moment reference point 
moment reference point on X a x i s  
moment reference point on Y axis 
monent reference point on Z axis 
base 
loca l  
s t a t i c  conditions 
t o t a l  conditions 










a x i a  l - f o r  ce c o e f f i c i e n t  ; a x i a l  f o r c e  
q s  
s i d e - f o r c e  c o e f f i c i e n t ;  side force 
base -force c o e f f i c i e n t ;  base Orce 
q s  
q s  
-Ab(Pb - Pm)/qs 
forebody a x i a l  f o r c e  c o e f f i c i e n t ;  CA - 
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NOMENCLATURE (Continued) 
ADDITIONS TO STANDARD L I S T  
SYMBOL 
‘NBO 





















D E F I N I T I O N  
normal force coefficient component of orbiter 
base drag 
orbiter base axial force coefficient 
solid rocket booster base axial force coefficient 
external tank base axial force coefficient 
forebody axial force coefficient at zero degree:; 
angle of attack 
orbiter base axial force coefficient at zero de- 
grees angle of attack 
solid rocket booster base axial force coefficient 
at zero degrees angle of attack 
external tank base axial force coefficient at 
zero degrees angle of attack 
pitching moment coefficient at zero degrees a n g l e  
of attack 
normal force coefficient at zero degrees angle of 
attack 
longitudinal location of aerodynamic center with 
respect to reference c.g. XAC = -(dC,/d.c)/(dCh.jcl-,.) ; 
positive X when a.c. aft of c.g. 
longitudinal location of aerodynamic center with 
respect to reference c.g. YAC = -(dC,/db)/(dCy/dB); 
positive X when a.c. aft of c.g. 
derivative of normal force coefficient with respect 
to alpha, per degree 
derivative of pitching moment coefficient with 










ADDITIONS TO STANDARD LIST 
PLOT 
SYMBOL DEFINITION 
CYBETA derivative of side force coefficient with respect 
to beta, per degree 
CYNBET derivative of yawing moment coefficient with 
respect to beta, per degree, body axis system 
CBLBET derivative of rolling moment coefficient with 
respect to beta, per degree, body axis system 
ORBINC angle between the orbiter water plane 400 line 
and the external tank centerline, degrees 
DELTAZ minimum vertical separation distance between the 
orbiter and external tank, inches 
orbiter average base pressure 
external tank average base pressure 
solid rocket booster base pressure 
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CONFIGURATIONS INVESTIGATED 
For t h e  i n t e g r a t e d  v e h i c l e  t e s t e d ,  t h e  e x t e r n a l  tank was mounted on 
t h e  232 balance which w a s  supported by t h e  number 3 balance  a d a p t e r  and 
s t i n g .  The o r b i t e r  was mounted t o  t h e  tank a t  t h r e e  p o i n t s  sirnu1atir.g :'is 
forward a t t a c h  p o i n t  and t h e  two main f u e l  l i n e s  a t  t h e  r e a r  a t t a c h  poi? . : .  
The SRB'S were a l s o  r i g i d l y  a t t a c h e d  t o  t h e  tank.  (See f i g u r e  2 . )  
Base p r e s s u r e s  were monitored a t  t h e  s i x  l o c a t i o n s  shown i n  f i g u r e  5. 
Since only three  d a t a  channels  were a v a i l a b l e  f o r  p r e s s u r e  measurements, 
t h e  t h r e e  tubes moni tor ing  t h e  o r b i t e r  were " teed"  t o g e t h e r ,  a s  were the 
two tubes  a t  the base  of t h e  e x t e r n a l  tank. Thus, t h r e e  base  pressures  
were recorded;  an averaged p r e s s u r e  f o r  t h e  o r b i t e r ,  an averaged p r e s s u r e  
f o r  t h e  e x t e r n a l  tank ,  and t h e  base  p r e s s u r e  of one SRB. 




F5 Body Flap 
M4 OMS Pods 
W107 Wing 
E23 Elevon 
v 7 Vertical T a i l  
R 5  Rudder 
The e x t e r n a l  tank and s o l i d  rocke t  motors were n o t  broken i n t o  sub- 
assembl ies  and c a r r i e d  t h e  fo l lowing  d e s i g n a t i o n s :  
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T9 Externa l  tank with 600 inch r a d i u s  ogive n o s e  
T 1 1  Ex te rna l  tank wi th  1204 inch  r a d i u s  ogive nose 
T15 Ex te rna l  tank  wi th  600 inch  r a d i u s  ogive nose p l u s  
a sp ike  360 inches  long and 1 2  inches  i n  diameter  
s12 So l id  Rocket Motor 
P e r t i n e n t  dimensions f o r  a l l  t h e  model components a r e  given i n  Table 
111. 
The speed brake and rudder  d e f l e c t i o n s  were zero  degrees  f o r  both tests. 
The tunne l  cond i t ions  e x i s t i n g  dur ing  t h e  test are d e l i n e a t e d  i n  
Table  I. Table  I1 summarizes t h e  model conf igu ra t ions  t e s t e d  and i d e n t i f i e s  
t h e  run  number grouping f o r  d a t a  set formation.  
TEST FACILITY DESCRIPTION 
The Marsha l l  Space ? l i g h t  Center 14" x 14" T r i s o n i c  Wind Tunnel is  
an  i n t e r m i t t e n t  blowdown tunne l  which ope ra t e s  by high p res su re  a i r  f low- 
i n g  from s t o r a g e  t o  e i t h e r  vacuum o r  a tmospheric  cond i t ions .  A Mach num- 
b e r  range from . 2  t o  5.85 is covered by u t i l i z i n g  two in t e rchangeab le  t e s t  
s e c t i o n s .  The t r a n s o n i c : s e c t i o n  p e r m i t s  t e s t i n g  a t  Mach 2.74 through 5.85. 
Mach numbers between .2  and .9 a re  obta ined  by us ing  a c o n t r o l l a b l e  d i f -  
f u s e r .  The range from .95 t o  1 . 3 i s  achieved through t h e  use of plenum 
s u c t i o n  and p e r f o r a t e d  w a l l s .  Mach numbers of 1 . 4 4 ,  1 .93 and 2.50 a r e  
produced by in t e rchangeab le  sets o f  f i x e d  contour  nozz le  b locks .  Above 
Mach 2.50 a set of f i x e d  contour  nozzle  b locks  are t i l t e d  and t r a n s l a t e d  
au tomat i ca l ly  t o  produce any des i red  Mach number i n  .25 increments .  
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A i r  is suppl ied t o  a 6000 cubic  f o o t  s t o r a g e  tank a t  approsimately 
-40°F dewpoint and 500 p s i .  
u n i t  d r i v e n  by a 1500 hp motor. 
The compressor is a t h r e e - s t a g r  reL-iprLIL-:it i i , g  
The tunnel  f low i s  e s t a b l i s h e d  and c o n t r o l l e d  w i t h  a servo d c t u j t e d  
g a t e  valve.  The c o n t r o l l e d  a i r  f lows through t h e  v a l v e  d i f f u s e r  i n t o  the  
s t i l l i n g  chamber and h e a t  exchanger where t h e  a i r  temperature  can be con- 
t r o l l e d  from ambient t o  approximately 180°F. The a i r  then  p a s s e s  through 
the  test  s e c t i o n  which c o n t a i n s  t h e  nozz le  b locks  and tes t  reg ion .  
Downstream of  t h e  test s e c t i o n  i s  a h y d r a u l i c a l l y  c o n t r o l l e d  p i t c h  
s e c t o r  t h a t  provides  a t o t a l  angle  of a t t a c k  range of 20" (+10"). 
o f f s e t s  are a v a i l a b l e  f o r  o b t a i n i n g  v a r i o u s  maximum angles  of a t t a c k  up t:o 
90". 
S t i n g  
DATA REDUCTION 
A l l  model f o r c e s  and moments were reso lved  i n  t h e  body a x i s  system 
and p r e s e n t e d  i n  t h e  fori1 of nondimensional c o e f f i c i e n t s .  The fo l lowing  
r e f e r e n c e  dimensions were used i n  t h e  r e d u c t i o n  of t h e  c o e f f i c i e n t s .  
PARAMETER 
Reference Area ( S r e f )  
Reference Length ( l r e f  = b r e f )  
Moment Reference Center, from 
t a n k  nose on tank CL 
FULL SCALE MODEL SCALE 
2690 f t . 2  6.198 i n . ?  
1290 i n .  5.160 i n .  




O r b i t e r  
Tank 
SRB (2 )  
FULL SCALE MODEL SCALE 
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427.8 f t . 2  .9857 i n . -  
2 572.55 1.319 i n .  
402.12 f t . 2  .9265 i n . 2  
Base p r e s s u r e s  were measured on a l l  t h r e e  v e h i c l e  components ( o r b i t e r ,  
e x t e r n a l  t ank ,  and s o l i d  rocke t  boos t e r )  and were u t i l i z e d  t o  c o r r e c t  t h e  
balance-measured axial  f o r c e  t o  an a x i a l  f o r c e  t h a t  assumed f r ees t r eam 
s t a t i c  p r e s s u r e  a c t i n g  on the  r e s p e c t i v e  base  areas. Due t o  a s l a n t e d  base  
t h e  normal f o r c e  was a l s o  co r rec t ed .  
areas are: 
The a p p r o p r i a t e  equa t ions  and base  
CAF = CA - CABO - CABT - CABS 
CN = CNU - CNBO 
where : 
CAF = forebody a x i a l  fo rce  c o e f f i c i e n t  
CA = balance  measured a x i a l  f o r c e  c o e f f i c i e n t  
CABO = -CpBo ( A B ~ / S R E F )  COS i g  
CABT = -CpBT (AB,/SREF) 
CABS = -Cpgs  ( A B ~ / S R E F )  
CNU = balance  measured normal f o r c e  c o e f f i c i e n t  
CNBO = -CpBo ( A B ~ / S ~ F )  s i n  i g  
where 
CpBo = o r b i t e r  average base p r e s s u r e  c o e f f i c i e n t  
[ ( p ~ o a v g  - p m ) / ( d l  
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= e x t e r n a l  tank average base  p r e s s u r e  c o e f f i c i e n t  
CpBs = s o l i d  rocke t  b o o s t e r  p r e s s u r e  c o e f f i c i e n t  
[ (PBs - Pa) / (4) 1 
 AB^ = o r b i t e r  base  area = 0.9857 i n . 2  
 AB^ = e x t e r n a l  tank base  area = 1.319 i n . 2  
 AB^ = s o l i d  rocke t  b o o s t e r  base  area (2) = 0.9265 i n . 2  
i B  = o r b i t e r  base  s l a n t  angle  = 1 2 "  
Data w e r e  cor rec ted  f o r  weight t a r e s  and s t i n g  d e f l e c t i o n s .  
1 2  
. _  
TABLE I. 
EST:IA37B (TWT-585) i 
T E S T  C O N D I T I O N S  
I I I 1 
BALANCE UTILIZED: MSFC 232 
. COEFFICJENT 
ACCURACY: TOLE RAN CE : CAPACITY: 
NF 300 lbs. 
1 4 3  lbs. SF 







20.024 21.50 lbs. 
20.72 lbs. t o .  012 





COMMENTS:. Accuracy based on 20 .5% of balance capacity. 
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TABLE 111. MODEL DIMENSIONAL DATA SHEETS 
MODEL COhPONENT: BODY 219 
GENERAL DESCRIPTION: 
Orbiter per  VL70-000139B 
F u s e l a p ,  3 conf i c u r a t i o c  , L i a h t b : e i G h t  
~ 
NOTE: 
Model S c a l e  = 0 .004  
Identical t o  3 1 7  except forcbcd-/  
DRAWING NUMBER VL70-000139B 
D I M  NSI ON: 
Length IN, 
k a x  Width c IN, 
b o x  Depth - I N ,  
Fineness Ratio 





1 2 9 0 . 3  
2 6 7 . 6  
2 4 4 . 5  
4 . 8 2 1 7 5  
3 8 6 . 6 7  
MODEL SCALE 
5 . 1 6 1 2 0  
1 . 0 7 0 4 0  
0.9780 
4 . 8 2 1 7 5  
0.0061 - . 9  
Base 
15 
MODE C Olvi PON E N T 
TABLE 111. (Continued) 
Canopy - C7 
GEt-JCRAL DESCRIP~IOPJ: Confiquration 3 per Rockwell L i n e s  - 
V f . - r n , n n n 1 7 q  I_ 
- Model Scale  = .,004 
DRAW1 NG NLjhlEEF VL70-000139 
DIMENSION: FULL SCALE 
L e q t h  (xo = 4 3 3  to xo = 670)  in.FS 237 
MODEL S C A L E  
0.9450 
b o x  VJidth 







Bo = 501) in.FS 
_.. - -  - 
TABLE 111. (Continued) 
MODEL COhPONENT: F5 Body F l a p  
GENERAL DESCRIPTION: 3 configuration per Rockwell l i n e s  
VL70-000139 
Scale Model = 0.0.04 
DRAW1 NG NUMBER 
DIMENSION: 
Length.- IN. 
b o x  Width h IN, 
k o x  Depth 
Fineness Ratio 





FULL SCALE MODEL SCALE 
84.70 0.33880 
2 6 7 . 6  1 . 0 7 0 4 0  
142.5195 0 . 0 0 2 2 8  
38.0958 ’ 0.15238 
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TABLE 111. (Continued) 
-- MODEL COMPONENT: OMS Pod - M 4  
GENERAL DESCRIPTION: 3 Lightwclqht configuraticn ner R c c k v c l 1  
Lines VL70-000139 -- 
Scale Model = 0,004 - 
DRAWING NUMBER VL70-000139 
DIMENSION: 
Length - IN. 
k a x  Width - IN. 
k a x  Depth - IN. 
Fineness Ratio 
Area 




D of OMS Pod 




WP = 463.9 INFS: WP400 + 63.9 = 463.9 
BP = 80.0 INFS 
Length 
NOTE : 
1 2 1 4 . 0  to 1560.0 = 346.0 INFS 
M4 identical to M3 of 2A configuration except 
intersection to body 
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- .  . .  TABLE 111. (Continued) 
1 
EiODEL 
conficur2t-c- - .- 7 T - ~ C  7 n - c ) 3 C ]  -;? GENERAL DESCRIPTIO;4: Orbi ter  3 _ _  - &  . 
NOTE: Same as W103 except  cuff, s i r f o i l ,  a 2 2  a n q l e  cf incidc.r.ze 
Scale Model = 0.004 
TEST NO. 
DIMEN S IOX : 
TOTAL DATA 
' T r h e o  a ) F t 2  
P 1 an form 
Span (Theo In. 
Aspect Ratio 
Rate of Taper 
Taper Ratio 
Dihedral Angle, degrees 
Incidence Angle, degrees 
Aerodynamic Twi st , degrees 
Sweep Back Angles, degrees 
Leading Edcje 
Trailing Edge 
0.25 Element Line 
' Root (Theo) B.P.O.O. 
T i p ,  (Theo) B.P. 
PAC 
. Fus. Sta,  o f  .25 MAC 
W.P. of .25 MAC 
6.i. o f  .25 iiric 
Chords : 
. EXPOSED DATA 





T i p  1.00 b 
2 MAC 
Fus. Sta,  of  .25 MAC 
W.P. o f  .25 MAC 
B.L. o f  .25 MAC 
Root b = 
9 
T i p  b = 
2 
Data f o r  (1) of (2)  Sides 
Airfoil Section (flockwell Mod NASA) 
XXXX- 64 








+ 3 . 0 0 0  
0.04304 
3 .  / 4 b t L  
2.265 
7 7 7 7  
3.56@- 
0 .  son  
+ 3 .  O C O  
45.000 45.000 
35.209 - 35.203 
-10.24 -10.24 
689.24 2.75696 
137.85 0 . 5 5 i 4 5  
1136.89 ct. 3 -  I ? P  
i. l.?;32 299.20 
182.13 0. i i E 1 . L  
474. b l  1. Fjc'o7A . v - , - l - -  
_ _  
1752.29 0. C2E04 
7 .. c . E c. 
5f2.60 2 . 2 4 c c  
137.83 0 . 3 - . L 4 d  
393.03 1.57212 
7 
1185.31 4 . 7 4 1 2 ;  
300.20 : .2ooso ' 
251.76 1.007& 
.10 .10 
.12 I .12 
Leading Edge Cuff 
Planform Area F t  118.533 U .  U U L M J  
Leading Edge Intersects Wing @ Sta 1083.4 4.3336 
Leading Edge Intersects Fus M. L. 0 Sta  , 500  2 .0  
19 . 
TABLE 111. (Continued) 
I 
GENERAL DESCRIPTION: 3 configuration per W107 R n c k w e l l  lircs 
VL70-000139B data f o r  (1) of ( 2 )  s i d e s  
DRAWING NUMBER: VL70-000139B 
DIMENSIONS : 
2 Areab FT 
Span ( e q u i v a l e n t )  IN .  
Inb'd e q u i v a l e n t  chord 
Outb'd equ iva lent  chord 
Rat io  rrovable sur face  chord/ 
t o t a l  s u r f a c e  chord 





A t  Inb'd  equiv .  chord . 2 0 8  
A t  Outb'd equ iv .  chord , 4 0 0  
Sweep Back Angles ,  degrees  
Leading Edge 0.00 
T a i l i n g  Edge -10.24 
Hinge1 i n e  0 . 0 0  
Area Moment (Normal to hinge l i n e ) - F T 3  









TABLE 111. (Continued) 
Scale Model = . 0 0 4  
VL70-0000139 
VL70-GO0095 DFWX I ?4 G N UX6 E R : 
DINENS I O X  : 
TOTAL DATA 
Area (Theo) - F t 2  
P1 an form 
FULL-SCALE 
425.92 
3 1 5 . 7 2  Span (Theo) - I n ,  
Taper Rat io 
Aspect Ratio 1 . 6 7 5  
Rate of Ta?er 0 . 5 0 7  
Swee;, Back Anslcs, degrees 
Leading Edse 
T r a i  1 ing Edse 
0.25 Element Line 
Root (Theo) XP 
T i p  (Theo) K? 
Fus. S t a .  of .25 MAC 
B .  L. of .25 XAC 
Leading Wedge Angle Deg 
T r a i l i n g  Hedge Angle Deg 
Leading Edge Radius -IN, 
Chords : 
i4AC 
W. P o  o f  .25 MAC 
A(rqni1 Cn-6;  -- ... . I" I I J S L C 4 U I 1  
Void Area 
Blanketed Area 
. 4 0 4  
45.000 
2 6 . 2 4 9  
41.130 
2 6 8 . 5 0  
199.81 
1463.50 
6 3 5 . 5 2 2  
108.47- 
0 .  nn 
10.000 




0 . 0 0 6 8 2  
1 . 2 6 2 8 8  
1 . 6 7 5  
0.5c)7 
. 4 0 4  __ 
45.000 
2 6 . 2 4 9  
41.130 
1 .0740  
0 . 4 3 3 8 8  
0 . 7 9 9 2 4  
5 . 8 5 4 0  
I! * 0 2  
1 0 . 0 0 0  
1 3 . 9 2 3  
0 , 0 0 8 0  
0 . 0 0 0 2 1  
2 . 5 4 2 0 8 8  
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TABLE 111. (Continued) 
MODEL COI4PONEl.IT: R5 - Rudder 
GENERAL DESCRIPTIOii: 2 A  and 3 conf iuuration per  R o c k w e l l  lines 
VL70-000095 and VL70-000139 





2 Area Ft 
Span ( e q u i v a l e n t )  IN, 
I n b ' d  e q u i v a l e n t  chord 
Outb'd e q u i v a l e n t  chord  
Ratio niovable s u r f a c e  chord/  
total s u r f a c e  c h o r d  
A t  I n b ' d  e q u i v .  chord  






0 A t  Outb'd e q u i v .  chord  0.400 0.400 
' Sweep Back A n g l e s ,  d e g r e e s  
Lead ing  Edge 34.83 34.83 
T a i l i n g  Edge 26.25 26.25 
Hinge1 i n e  34.83 34.83 
Area Moment (Normal t o  h i n g e  l i n e )  ~ t 3  526.13 0.00003 
Product of area and mean chord 
22 
TABLE 111. (Continued) 
HDDEL COMPONENT: External Tank T9 
GENERAL DESCRIPTION: 2A Configuration Per NR Lines VL78-000018 and VL72-000061;; 
Body o f  Revolution 
Scale Model = .004 - -. ---. - .---. .- 
DRAW I NG NUMBER : VL78-000018 
0- 






















FS (Orb i te r )  0.00 = TANK S ta t i on  635.0 INFS 
WP (ET) 400 - 344.413 = 55.587 INFS 
BP (Orb i te r )  0.00 = 0.00 ET 
23 
TABLE 111. (Continued) 
MODEL COMPONENT: BODY - External Tank T,, - 
GENERAL DESCRIPTION: Body o f  revolution with 1204" radius og ive  nose - 




Max. D e p t h  
F i  n e n e s  R a t i o  
- . .  
- .  
. . -  
- Area 
. - .. 
Max. Cross-Sec t i o n a l  
Planform 




ACTUAL KEA S U E D  
MODEL SCALE MODEL SCALE 
- 1970 7.872 
324. 1.296 
- . 6.080 
572.555 0.00916 




, .  
TABLE 111. (Continued) 
MODEL COIV\PONENT: External Tank T15 
GENERAL DESCRIPTION: 2A Configuration Per NR Lines 
VL78-000018 and VL72-000061B: Bodv of Revolution + S D i k e  
Scale Model = .004 








k o x  Width 







FULL SCALE MODEL SCALE 
1826.00 7.304 






(0rbiter)O.OO = TANK Station 635.0 INFS 
(ET) = 400 - 344.413 = 55.587 INFS 









TABLE 111. (Concluded) 
- GENERAL DESCRIPTION: Conficcra+::c?. ?.A, Data f o r  ( 1 1  of ( 2 )  
- sides, p e r  Rockwel l  Lines VL77-000036A 
- Model S c a l e  = 0 . 0 0 4  
VL72-000088A 
DRAW I NG NUMSER : VL77-000036A 
DIMENSIONS : FULL -S  CAL E MODEL S C A L E  
Length (Includes Nozzle) - IN. 1 7 4 1 . 0  
Max. Width (Tank D i a l  - IN. 1 4 2 . 3  
6 . 9 6 4 0  
0 .5692  
Max. Depth (Aft Shroud) - I N .  
F i  nenes s Rat i o 
0 Area - F T ~  
192.0 
9.06771 
0 . 7 6 8 0  
9 . 0 6 7 7 1  
Max. Cross -Sec tional 
P1 anf orm 
Wetted 
2 0 1 . 0 6 1 9 3  0 . 0 0 3 2 2  
Base 
WP of BSRM C e n t e r l i n e  (ZT)- I N .  4 0 0  
200 FS of BSRM Nose (X,) - IN. 
1 . 6 0 0 0  
0.8000 
26 
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